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Table 1 Analysis of variance table by two factorial treatment effects and
interaction of the growth of nematophagous fungi on six media at 3

days after incubation

Source df SS MS F P
Replication 2 0.036 0.0180 2.74 0.0698
Media 5 19.142 3.3884 582.92 0.0000
Isolate 7 82.578 11.7968 1796.19 0.0000
Media*Isolate 35 23.180 0.6623 100.84 0.0000
Error 94 0.617 0.0066
Total 143 540.387
Coefficient of variance 2.88
Table 2 Analysis of variance table by factorial treatment effects and interaction

of the growth of nematophagous fungi on six media at 5 days after

incubation

Source df SS MS F P
Replication 2 0.048 0.0238 3.33 0.0401
Media 5 76.570 15.3139 2140.97 0.0000
Isolate 7 387.557 55.3653 7740.39 0.0000
Media*Isolate 35 75.540 2.1583 301.74 0.0000
Error 94 0.672 0.0072
Total 143  540.387
Coefficient of variance 1.53

Table 3 Analysis of variance table by factorial treatment effects and interaction

of the growth of nematophagous fungi on six media at 7 days after

incubation
Source df SS MS F P

Replication 2 0.039 0.0194 3.73 0.0275
Media 5 52.086 10.4172 2006.93 0.0000
Isolate 7 591.240 84.4629 16272.3 0.0000
Media*Isolate 35 79.047 2.2585 435.11 0.0000
Error 94 0.488 0.0052

Total 143  722.900

Coefficient of variance 1.01
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Table 4 Analysis of variance table by factorial treatment effects and interaction

of the growth of nematophagous fungi on six media at 10 days after

incubation

Source df SS MS F P
Replication 2 0.003 0.0015 0.52 0.5964
Media 5 5.659 1.1318 403.37 0.0000
Isolate 7 405.047 57.8639 20622.6 0.0000
Media*Isolate 35 53.522 1.5292 545.00 0.0000
Error 94 0.264 0.0028
Total 143 464.494
Coefficient of variance 0.68

Table 5 Analysis of variance table by factorial treatment effects and interaction

of the sporulation of nematophagous fungi on six media at 10 days after

incubation

Source df SS MS F P
Replication 2 0.0263 0.01316 17.75 0.0000
Media 5 1.2645 0.25290 341.12 0.0000
Isolate 7 33.0182 4.71688 6362.18 0.0000
Media*Isolate 35 9.9286 0.28368 382.62 0.0000
Error 94 0.0697 0.00074
Total 143  44.3073
Coefficient of variance 1.89

Table 6 Analysis of variance table by factorial treatment effects and interaction
of the growth of nematophagous fungi at five temperatures at 3 days

after incubation

Source df SS MS F P
Replication 2 0.0033 0.00165 0.16 0.8491
Temperature 4 22.4310 5.60776 558.36 0.0000
Isolate 7 22.1040 3.15771 314.41 0.0000
Temperature*Isolate 28 16.6603 0.59501 59.24 0.0000
Error 78 0.7834 0.01004
Total 119  61.9820

Coefficient of variance 5.90
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Table 7 Analysis of variance table by factorial treatment effects and interaction
of the growth of nematophagous fungi at five temperatures at 5 days

after incubation

Source df SS MS F P
Replication 2 0.070 0.0349 1.60 0.2080
Temperature 4 154.265 38.5662 1771.03 0.0000
Isolate 7 123.270 17.6100 808.68 0.0000
Temperature*Isolate 28 76.965 2.7488 126.23 0.0000
Error 78 1.699 0.0218
Total 119  356.269
Coefficient of variance 4.07
Table 8 Analysis of variance table by factorial treatment effects and interaction

of the growth of nematophagous fungi at five temperatures at 7 days

after incubation

Source df SS MS F P
Replication 2 0.059 0.0297 1.31 0.2746
Temperature 4 348.125 87.0312 3852.05 0.0000
Isolate 7 226.508 32.3583 1432.20 0.0000
Temperature*Isolate 28 142.054 5.0734 224.55 0.0000
Error 78 1.762 0.0226
Total 119 718.508
Coefficient of variance 3.01
Table 9 Analysis of variance table by factorial treatment effects and interaction

of the growth of nematophagous fungi at five temperatures at 10 days

after incubation

Source df SS MS F P
Replication 2 0.022 0.011 0.50 0.6068
Temperature 4 456.483 114.121 5176.75 0.0000
Isolate 7 323.795 46.256 2098.28 0.0000
Temperature*Isolate 28 206.601 7.379 334.71 0.0000
Error 78 1.719 0.022
Total 119  988.620

Coefficient of variance 2.34
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Table 10 Analysis of variance table by factorial treatment effects and interaction
of the sporulation of nematophagous fungi at five temperatures at 10

days after incubation

Source df SS MS F P
Replication 2 0.0087 0.00434 16.46 0.0000
Temperature 4 0.8491 0.21228 805.85 0.0000
Isolate 7 66.9757 9.56795 36321.0 0.0000
Temperature*Isolate 28 10.0537 0.35906 1363.03 0.0000
Error 78 0.0205 0.00026
Total 119  77.9077
Coefficient of variance 1.14
Table 11 Analysis of variance table by factorial treatment effects and interaction

of the growth of nematophagous fungi at four different light regimes 3

days after incubation

Source df SS MS F P
Rep 2 0.023 0.0114 1.63 0.2033
Light 3 6.262 2.0874 300.53 0.0000
Isolate 7 110.016 15.7166 2262.83 0.0000
Light*Isolate 21 11.638 0.5542 79.79 0.0000
Error 62 0.431 0.0069
Total 95 128.370
Coefficient of variance 2.80
Table 12 Analysis of variance table by factorial treatment effects and interaction

of the growth of nematophagous fungi at four different light regimes 5

days after incubation

Source df SS MS F P
Replication 2 0.114 0.0570 7.80 0.0009
Light 3 26.977 8.9925 1231.55 0.0000
Isolate 7 375.630 53.6614 7349.12 0.0000
Light*Isolate 21 54.304 2.5859 354.15 0.0000
Error 62 0.453 0.0073
Total 95 457.478

Coefficient of variance 1.55
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Table 13 Analysis of variance table by factorial treatment effects and interaction
of the growth of nematophagous fungi at four different light regimes 7

days after incubation

Source df SS MS F P
Replication 2 0.048 0.0239 6.37 0.0031
Light 3 23.294 7.7647 2072.45 0.0000
Isolate 7 452.563 64.6519 17256.0 0.0000
Light*Isolate 21 79.701 3.7953 1012.98 0.0000
Error 62 0.232 0.0037
Total 95 555.838
Coefficient of variance 0.88
Table 14 Analysis of variance table by factorial treatment effects and interaction

of the growth of nematophagous fungi at four different light regimes

10 days after incubation

Source df SS MS F P
Replication 2 0.001 0.0004 0.13 0.8747
Light 3 12.973 4.3243 1392.75 0.0000
Isolate 7 327.909 46.8442 15087.5 0.0000
Light*Isolate 21 60.360 2.8743 925.74 0.0000
Error 62 0.193 0.0031
Total 95 401.435
Coefficient of variance 0.75
Table 15 Analysis of variance table by factorial treatment effects and interaction

of the sporulation of nematophagous fungiat four different light

regimes 10 days after incubation

Source df SS MS F P
Replication 2 0.0224 0.01121 8.46 0.0006
Light 3 0.1884 0.06278 47.40 0.0000
Isolate 7 22.0193 3.14562 2374.72 0.0000
Light*Isolate 21 1.3405 0.06383 48.19 0.0000
Error 62 0.0821 0.00132
Total 95 23.6527

Coefficient of variance 2.83
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Table 16 Analysis of variance table by factorial treatment effects and interaction

of the growth of nematophagous fungi at eight pH levels 3 days after

incubation

Source df SS MS F P
Replication 2 0.119 0.0593 11.00 0.0000
pH 7 59.587 8.5124 1578.09 0.0000
Isolate 7 215.026 30.7179 5694.69 0.0000
pH*Isolate 49 17.144 0.3499 64.86 0.0000
Error 126  0.680 0.0054
Total 191  292.555
Coefficient of variance 2.18
Table 17 Analysis of variance table by factorial treatment effects and interaction

of the growth of nematophagous fungi at eight pH levels 5 days after

incubation

Source df SS MS F P
Replication 2 0.047 0.0236 2.97 0.0549
pH 7 144.060 20.5800 2594.23 0.0000
Isolate 7 580.161 82.8802 10447.5 0.0000
pH*Isolate 49 25.875 0.5281 66.57 0.0000
Error 126 1.000 0.0079
Total 191 751.143
Coefficient of variance 1.60
Table 18 Analysis of variance table by factorial treatment effects and interaction

of the growth of nematophagous fungi at eight pH levels 7 days after

incubation
Source df SS MS F P

Replication 2 0.034 0.017 1.57 0.2118
pH 7 147.436 21.062 1968.66 0.0000
Isolate 7 731.571 104.510 9768.41 0.0000
pH*Isolate 49 30.874 0.630 58.89 0.0000
Error 126  1.348 0.011

Total 191 911.262

Coefficient of variance 1.45
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Table 19 Analysis of variance table by factorial treatment effects and interaction
of the growth of nematophagous fungi growth at eight pH levels 10

days after incubation

Source df SS MS F P
Replication 2 1.823E-04  0.0001 0.03 0.9746
pH 7 72.8029 10.4004 2935.04 0.0000
Isolate 7 504.876 72.1251 20354.0 0.0000
pH*Isolate 49 39.0248 0.7964 224.76 0.0000
Error 126  0.44648 0.0035
Total 191  617.150
Coefficient of variance 0.76
Table 20 Analysis of variance table by factorial treatment effects and interaction

of the sporulation of nematophagous fungi at eight pH levels 10 days

after incubation

Source df SS MS F P
Replication 2 0.0230 0.01148 12.63 0.0000
pH 7 0.6061 0.08659 95.28 0.0000
Isolate 7 62.1918 8.88454 9776.23 0.0000
pH*Isolate 49 6.9312 0.14145 155.65 0.0000
Error 126 0.1145 0.00091
Total 191 69.8666
Coefficient of variance 2.37
Table 21 Analysis of variance table by factorial treatment effects and interaction

of the growth inhibition of nematophagous fungi by six insecticides at

3 days after incubation

Source df SS MS F P
Replication 2 8 4.1 1.46 0.2345
Isolate 7 363456 51922.3 18272.4 0.0000
Insecticide 5 5419 1083.7 381.38 0.0000
Rate 3 483 160.8 56.60 0.0000
Isolate*Insecticide*Rate 176 48369 274.8 96.72 0.0000
Error 382 1085 2.8
Total 575 418820

Coefficient of variance 17.75
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Table 22 Analysis of variance table by factorial treatment effects and interaction
of the growth inhibition of nematophagous fungi by six insecticides at

5 days after incubation

Source df SS MS F P
Replication 2 20 10.1 3.61 0.0281
Isolate 7 52488 7498.2 2683.48 0.0000
Insecticide 5 345159 69031.8 24705.2 0.0000
Rate 3 18349 6116.3 2188.91 0.0000
Isolate*Insecticide*Rate 176 117987 670.4 239.92 0.0000
Error 382 1067 2.8
Total 575 535070
Coefficient of variance 2.62

Table 23 Analysis of variance table by factorial treatment effects and interaction
of the growth inhibition of nematophagous fungi by six insecticides at 7

days after incubation

Source df SS MS F P
Replication 2 14 7.2 2.89 0.0569
Isolate 7 47709 6815.6 2736.65  0.0000
Insecticide 5 355402 71080.4 28540.5 0.0000
Rate 3 16878 5625.9 2258.95  0.0000
Isolate*Insecticide*Rate 176 112834 641.1 257.42 0.0000
Error 382 951 2.5
Total 575 533789
Coefficient of variance 2.46
Table 24 Analysis of variance table by factorial treatment effects and interaction

of the growth inhibition of nematophagous fungi by six insecticides at

10 days after incubation

Source df SS MS F P
Replication 2 13 6.4 4.09 0.0175
Isolate 7 53669 7667.0 4860.11  0.0000
Insecticide 5 375618 75123.5 47620.6 0.0000
Rate 3 20470 6823.4 4325.36  0.0000
Isolate*Insecticide*Rate 176 189334 1075.8 681.92 0.0000
Error 382 603 1.6
Total 575 639707

Coefficient of variance 2.12
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Table 25 Analysis of variance table by factorial treatment effects and interaction
of the sporulation of nematophagous fungi by six insecticides at 10

days after incubation

Source df SS MS F P
Replication 2 0.006 0.0028 9.47 0.0001
Isolate 7 85.279 12.1827 40591.9 0.0000
Insecticide 5 22.731 45462 151474 0.0000
Rate 3 0.454 0.1514  504.40 0.0000
Isolate* Insecticide*Rate 176  90.839 0.5161  1719.70 0.0000
Error 382 0.115 0.0003
Total 575 199.423
Coefficient of variance 1.39
Table 26 Analysis of variance table by factorial treatment effects and interaction

of growth inhibition of nematophagous fungi on five fungicides at 3

days after incubation

Source df SS MS F P
Replication 2 17 9 2.04 0.1312
Isolate 7 17198 2457  582.72 0.0000
Fungicide 4 610656 152664 36208.7 0.0000
Rate 3 6381 2127  504.48 0.0000
Isolate*Fungicide*Rate 145 61400 423 100.43 0.0000
Error 318 1341 4
Total 479 696994
Coefficient of variance 2.85
Table 27 Analysis of variance table by factorial treatment effects and interaction

of growth inhibition of nematophagous fungi on five fungicides at 5

days after incubation

Source df SS MS F P
Replication 2 5 2 1.10 0.3348
Isolate 7 13345 1906 918.54 0.0000
Fungicide 4 627198 156800 75549.2  0.0000
Rate 3 8550 2850 1373.15  0.0000
Isolate*Fungicide*Rate 145 58228 402 193.49 0.0000
Error 318 660 2
Total 479 707985

Coefficient of variance 2.07
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Table 28 Analysis of variance table by factorial treatment effects and interaction
of growth inhibition of nematophagous fungi on five fungicides at 7

days after incubation

Source df SS MS F P
Replication 2 20 10 0.22 0.7992
Isolate 7 10813 1545 35.49 0.0000
Fungicide 4 620616 155154  3565.15  0.0000
Rate 3 6986 2329 53.51 0.0000
Isolate*Fungicide*Rate 145 52247 360 8.28 0.0000
Error 318 13839 44
Total 479 704521
Coefficient of variance 9.78
Table 29 Analysis of variance table by factorial treatment effects and interaction

of growth inhibition of nematophagous fungi on five fungicides at 10

days after incubation

Source df SS MS F P
Replication 2 13 7 7.81 0.0005
Isolate 7 9306 1329 1562.14  0.0000
Fungicide 4 725390 181348 213088  0.0000
Rate 3 14713 4904 5762.82  0.0000
Isolate*Fungicide*Rate 145 66722 460 540.69 0.0000
Error 318 271 1
Total 479 816415
Coefficient of variance 1.48
Table 30 Analysis of variance table by factorial treatment effects and interaction

of sporulation of nematophagous fungi on five fungicides at 10 days

after incubation

Source df SS MS F P
Replication 2 0.011 0.00530 13.94 0.0000
Isolate 7 67.665 9.66640 25406.0 0.0000
Fungicide 4 15.750 3.93742 10348.7 0.0000
Rate 3 1.570 0.52332 1375.43 0.0000
Isolate*Fungicide*Rate 145 50.391 0.34752 913.39 0.0000
Error 318 0.121 0.00038
Total 479  135.507

Coefficient of variance 1.60
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Table 31 Analysis of variance table by factorial treatment effects and interaction
of the growth inhibition of nematophagous fungi on three herbicides at

3 days after incubation

Source df SS MS F P
Replication 2 28 14.0 2.50 0.0852
Isolate 7 369179 52739.9 942470  0.0000
Herbicide 2 20628 10314.1 1843.14  0.0000
Rate 3 20897 6965.7 1244.77  0.0000
Isolate*Herbicide*Rate 83 95736 11535 206.12 0.0000
Error 190 1063 5.6
Total 287 507532
Coefficient of variance 7.04
Table 32 Analysis of variance table by factorial treatment effects and interaction

of the growth inhibition of nematophagous fungi on three herbicides at

5 days after incubation

Source df SS MS F P
Replication 2 0.35261 0.2 0.04 0.9607
Isolate 7 72479.5 10354.2 2352.78  0.0000
Herbicide 2 67909.7 33954.8 7715.52  0.0000
Rate 3 63280.0 21093.3 4793.02  0.0000
Isolate*Herbicide*Rate 83 77145.0 9295 211.20 0.0000
Error 190 836.161 4.4
Total 287 281651
Coefficient of variance 2.98
Table 33 Analysis of variance table by factorial treatment effects and interaction

of the growth inhibition of nematophagous fungi on three herbicides at

7 days after incubation

Source df SS MS F P
Replication 2 9 4.4 1.35 0.2615
Isolate 7 72988 10426.8 3200.51 0.0000
Herbicide 2 78506 39253.1 12048.8 0.0000
Rate 3 69766 23255.4 7138.25 0.0000
Isolate*Herbicide*Rate 83 89308 1076.0 330.28 0.0000
Error 190 619 3.3
Total 287 311196

Coefficient of variance 2.68
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Table 34 Analysis of variance table by factorial treatment effects and interaction
of the growth inhibition of nematophagous fungi growth on three

herbicides at 10 days after incubation

Source df SS MS F P
Replication 2 17 8.3 1.52 0.2207
Isolate 7 84324 12046.3 2215.52 0.0000
Herbicide 2 66443 33221.7 6110.05 0.0000
Rate 3 75964 25321.3 4657.03 0.0000
Isolate*Herbicide*Rate 83 103197 1243.3 228.67 0.0000
Error 190 1033 5.4
Total 287 330978
Coefficient of variance 3.62

Table 35 Analysis of variance table by factorial treatment effects and interaction
of sporulation reduction of nematophagous fungi on three herbicides at

10 days after incubation

Source df SS MS F P
Replication 2 0.0009 0.00043 4.83 0.0090
Isolate 7 4.7082 0.67260 7613.21 0.0000
Herbicides 2 5.5483 2.77417  31400.9 0.0000
Rate 3 0.0162 0.00541 61.26 0.0000
Isolate*Herbicides*Rate 83 9.5537 0.11510 1302.87 0.0000
Error 190 0.0168 0.00009
Total 287 19.8441
Coefficient of variance 0.86
Table 36 Analysis of variance table by factorial treatment effects and interaction

of the sporulation of nematophagous fungi on seven solid substrate

media at 21 days after incubation

Source df SS MS F P
Replication 2 0.0007 0.0004 0.97 0.3810
Solid media 6 0.5941 0.0990 267.83 0.0000
Isolate 7 71.4452 10.2065 27608.0 0.0000
Solid media*Isolate 42 3.8702 0.0921 249.25 0.0000
Error 110 0.0407 0.0004
Total 167 75.9508

Coefficient of variance 1.54
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Table 37 Analysis of variance table by factorial treatment effects and interaction
of the fresh weight biomass of nematophagous fungi on eight liquid

media at 14 days after incubation

Source df SS MS F P
Replication 2 0.1093 0.05465 3.73 0.0316
Media 7 28.5919 4.08455 278.48 0.0000
Isolate 2 4.1342 2.06710 140.93 0.0000
Media*Isolate 14 51.9970 3.71407 253.22 0.0000
Error 46 0.6747 0.01467
Total 71 85.5070
Coefficient of variance 3.77
Table 38 Analysis of variance table by factorial treatment effects and interaction

of the dry weight biomass of nematophagous fungi on eight liquid

media at 14 days after incubation

Source df SS MS F P
Replication 2 0.0102 0.00509 3.28 0.0464
Media 7 2.3906 0.34151 220.36 0.0000
Isolate 2 2.0026 1.00130 646.10 0.0000
Media*Isolate 14 10.3502 0.73930 477.04 0.0000
Error 46 0.0713 0.00155
Total 71 14.8249
Coefficient of variance 4.75
Table 39 Analysis of variance table by factorial treatment effects and interaction

of sporulation of nematophagous fungi on eight liquid media at 14 days

after incubation

Source df SS MS F P
Replication 9 0.0183 0.0020 0.97 0.4650
Media 7 1.7248 0.2464 117.86 0.0000
Isolate 2 38.3282 19.1641 9167.21 0.0000
Media*Isolate 14 3.4509 0.2465 117.91 0.0000
Error 207  0.4327 0.0021
Total 239  43.9549

Coefficient of variance 3.56
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Table 40 Analysis of variance table by two factorial treatment effects and
interaction of the percentage of head lettuce seedling emergent at 7

days after planting

Source df SS MS F Fo.o1
Replication 2 110.1111 55.0556 6.28 5.39
Treatment 17 11932.8333 701.9314 80.12 2.70
A 8 5057.3333  632.1667 7215  3.17
B 1 378.6852 378.6852 4322  7.56
AxB 8 6496.8148 812.1019 92.69 3.17
Eroor 34 297.8889 8.7614
Total 53 12340.8333  232.8459
Coefficient of variance 3.94
Table 41 Analysis of variance table by two factorial treatment effects and

interaction of the percentage of head lettuce seedling emergence at 14

days after planting

Source df SS MS F Fo.o1
Replication 2 1.9259 0.9630 0.39 5.39
Treatment 17 614.7593 36.1623 14,51 2.70
A 8 346.2593 43.2824 17.37 3.17
B 1 83.1296 83.1296 33.35 7.56
AxB 8 185.3704 23.1713 9.30 3.17
Error 34 84.7407 2.4924
Total 53 701.4259 13.2345
Coefficient of variance 1.69
Table 42 Analysis of variance table by two factorial treatment effects and

interaction of plant height of head lettuce seedling on different fungal

biomass at 30 days after planting

Source df SS MS F Fo.o1
Replication 9 30.7981 3.4220 4.96 2.56
Treatment 17 444.3668 26.1392 37.92 2.19
A 8 166.3963 20.7995 30.18 2.66
B 1 3.0109 3.0109 4.37 6.85
AxB 8 274.9596 34.3700 49.86 2.66
Error 153 105.4623 0.6893
Total 179 580.6272 3.2437

Coefficient of variance 7.44
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Table 43 Analysis of variance table by two factorial treatment effects and
interaction of root length of head lettuce seedling on different fungal

biomass at 30 days after planting

Source df SS MS F Foo1
Replication 9 11.8631 1.3181 2.38 2.56
Treatment 17 639.8056 37.6356 68.05 2.19
A 8 178.6061 22.3258 40.37 2.66
B 1 3.5617 3.5617 6.44 6.85
AxB 8 457.6378 57.2047 103.43 2.66
Error 153 84.6206 0.5531
Total 179 736.2893 4.1133
Coefficient of variance 7.45

Table 44  Analysis of variance table by two factorial treatment effects and
interaction of fresh weight of shoot of head lettuce seedling on different

fungal biomass at 30 days after planting

Source df SS MS F Foo1
Replication 9 0.1300 0.0144 2.47 2.56
Treatment 17 68.7680 4.0452 692.37 2.19
A 8 61.0846 7.6356 1306.90 2.66
B 1 0.2645 0.2645 45.27 6.85
AxB 8 7.4189 0.9274 158.73 2.66
Error 153 0.8939 0.0058
Total 179 69.7919 0.3899
Coefficient of variance 7.40

Table 45  Analysis of variance table by two factorial treatment effects and
interaction of dry weight of shoot of head lettuce seedling on different

fungal biomass at 30 days after planting

Source df SS MS F Fo.o1
Replication 9 0.0108 0.0012 1.11 2.56
Treatment 17 0.3774 0.0222 20.42 2.19
A 8 0.2008 0.0251 23.09 2.66
B 1 0.0405 0.0405 37.25 6.85
AxB 8 0.1361 0.0170 15.64 2.66
Error 153 0.1664 0.0011
Total 179 0.5546 0.0031

Coefficient of variance 23.48
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Table 46 Analysis of variance table by two factorial treatment effects and
interaction of plant height of head lettuce on different fungal biomass at
60 days after transplantation in pots containing root-knot nematodes
Source df SS MS F Fo.o1
Replication 9 71.9778 7.9975 2.01 2.56
Treatment 17 693.2611 40.7801 10.27 2.19
A 8 391.0861 48.8858 12.31 2.66
B 1 28.0056 28.0056 7.05 6.85
AxB 8 274.1694 34.2712 8.63 2.66
Error 153 607.5722 3.9711
Total 179 1372.8111 7.6693
Coefficient of variance 7.02
Table 47 Analysis of variance table by two factorial treatment effects and
interaction of root length of head lettuce on different fungal biomass at
60 days after transplantation in pots containing root-knot nematodes
Source df SS MS F Fo.o1
Replication 9 24.4432 2.7159 1.49 2.56
Treatment 17 122.7371 7.2198 3.97 2.19
A 8 71.6151 8.9519 4.92 2.66
B 1 4.2936 4.2936 2.36 6.85
AxB 8 46.8284 5.8536 3.22 2.66
Error 153 278.1728 1.8181
Total 179 425.3531 2.3763
Coefficient of variance 9.96
Table 48  Analysis of variance table by two factorial treatment effects and
interaction of fresh weight of shoot of head lettuce on different fungal
biomass at 60 days after transplantation in pots containing root-knot
nematodes
Source df SS MS F Fo.o1
Replication 9 540.7719 60.0858 0.73 2.56
Treatment 17 43243.2788 2543.7223 31.12 2.19
A 8 28957.7210 3619.7151 44.28 2.66
B 1 153.6981 153.6981 1.88 6.85
AXB 8 14131.8597 1766.4825 21.61 2.66
Error 153 12508.0783 81.7521
Total 179 56292.1290 314.4812
Coefficient of variance 18.33
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Table 49  Analysis of variance table by two factorial treatment effects and
interaction of dry weight of shoot of head lettuce on different fungal

biomass at 60 days after transplantation in pots containing root-knot

nematodes

Source df SS MS F Foo1
Replication 9 1.2347 0.1372 0.54 2.56
Treatment 17 224.7133 13.2184 52.40 2.19
A 8 84.9792 10.6224 42.11 2.66
B 1 0.6468 0.6468 2.56 6.85
AxB 8 139.0873 17.3859 68.92 2.66
Error 153 38.5939 0.2522
Total 179 264.5419 1.4779
Coefficient of variance 15.47

Table 50  Analysis of variance table by two factorial treatment effects and
interaction of gall per root of head lettuce on different fungal biomass at

60 days after transplantation in pots containing root-knot nematodes

Source df SS MS F Fo.os
Replication 9 30730.9167 34145463 10.11 1.96
Treatment 17 11830.0500 695.8853 2.06 1.75
A 8 5471.9000 683.9875 2.02 2.08
B 1 113.6056 113.6056 0.34 3.92
AxB 8 6244.5444 780.5681 2.31 2.08
Error 153 51688.7833 337.8352
Total 179 94249.7500 526.5349

Coefficient of variance 83.23
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Table51  Analysis of variance table by two factorial treatment effects and
interaction of % galled reduction of head lettuce on different fungal

biomass at 60 days after transplantation in pots containing root-knot

nematodes

Source df SS MS F Fo.o1
Replication 9 242523.3204  26947.0356 9.42 2.56
Treatment 15 91886.7504 6125.7834 214  2.19
A 7 54892.0922 7841.7275 274 279
B 1 4297.3862 4297.3862 150 6.85
AxB 7 32697.2720 4671.0389 163 279
Error 135 386277.1976  2861.3126
Total 159 720687.2684  4532.6243
Coefficient of variance 151.33
Table 52 Analysis of variance table by two factorial treatment effects and

interaction of plant height of head lettuce on different biological agent
(nematophagous fungi) application compared fermented and without

fermented method 7 days before transplantation

Source df SS MS F Foo1
Replication 9 83.9668 9.3296 1.71 2.56
Treatment 17 727.3823 42.7872 7.82 2.19
A 8 326.2128 40.7766 7.46 2.66
B 1 64.6800 64.6800 11.83 6.85
AxB 8 336.4894 42.0612 7.69 2.66
Error 153 836.6182 5.4681
Total 179 1647.9673  9.2065

Coefficient of variance 9.56
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Table 53 Analysis of variance table by two factorial treatment effects and
interaction of root length of head lettuce on different biological agent
(nematophagous fungi) application compared fermented and without

fermented method 7 days before transplantation

Source df SS MS F Fo.o1
Replication 9 22.7726 2.5303 1.24 2.56
Treatment 17 326.6984 19.2176 9.40 2.19
A 8 227.3314 28.4164 13.90 2.66
B 1 5.2702 5.2702 2.58 6.85
AxB 8 94.0968 11.7621 5.75 2.66
Error 153 312.7354 2.0440
Total 179 662.2064 3.6995
Coefficient of variance 10.54

Table54  Analysis of variance table by two factorial treatment effects and
interaction of fresh weight of shoot of head lettuce on different biological
agent (nematophagous fungi) application compared fermented and

without fermented method 7 days before transplantation

Source df SS MS F Fo.o1
Replication 9 210.8899 23.4322 2.15 2.56
Treatment 17 1388.4057  81.6709 7.50 2.19
A 8 745.2024 93.1503 8.55 2.66
B 1 76.1020 76.1020 6.99 6.85
AxB 8 567.1014 70.8877 6.51 2.66
Error 153 1666.4906  10.8921
Total 179 3265.7863  18.2446

Coefficient of variance 14.20
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Table55  Analysis of variance table by two factorial treatment effects and
interaction of dry weight of shoot of head lettuce on different biological
agent (nematophagous fungi) application comparing fermented and

without fermented method 7 days before transplantation

Source df SS MS F Fo.o1
Replication 9 0.7834 0.0870 0.95 2.56
Treatment 17 44.2206 2.6012 28.48 2.19
A 8 25.6331 3.2041 35.08 2.66
B 1 0.0271 0.0271 0.30 6.85
AxB 8 18.5604 2.3200 25.40 2.66
Error 153 13.9747 0.0913
Total 179 58.9787 0.3295
Coefficient of variance 16.93

Table56  Analysis of variance table by two factorial treatment effects and
interaction of gall per root of head lettuce on different biological agent
(nematophagous fungi) application compared fermented and without

fermented method 7 days before transplantation

Source df SS MS F Fo.o1
Replication 9 717.0056 79.6673 1.05 2.56
Treatment 17 35439.7611 2084.6918  7.46 2.19
A 8 26068.1111 3258.5139  42.93 2.66
B 1 15.6056 15.6056 0.21 6.85
AxB 8 9356.0444  1169.5056  15.41 2.66
Error 153 11613.2944  75.9039
Total 179 47770.0611 266.8718

Coefficient of variance 58.36
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Table 57 Analysis of variance table by two factorial treatment effects and
interaction of % galled reduction of head lettuce on different biological
agent (nematophagous fungi) application compared fermented and

without fermented method 7 days before transplantation

Source df SS MS F Fo.o1
Replication 9 2388.7718 265.4191  1.06 2.56
Treatment 15 44501.8898  2966.7927 11.83 2.19
A 7 38224.6506  5460.6644 21.77 2.79
B 1 295.3379 295.3379  1.18 6.85
AxB 7 5981.9013 854.5573 3.41 2.79
Error 135 33859.4468  250.8107
Total 159 80750.1084  507.8623
Coefficient of variance 20.37
Table 58 Analysis of variance table by two factorial treatment effects and

interaction of plant height of baby cos lettuce on different biological
agent (nematophagous fungi) application comparing fermented and

without fermented method before transplantation

Source df SS MS F Fo.o1
Replication 9 77.8903 8.6545 1.26 2.56
Treatment 17 806.3125 47.4301 6.91 2.19
A 8 537.5500 67.1937 9.80 2.66
B 1 8.2347 8.2347 1.20 6.85
AxB 8 260.5278 32.5660 4.75 2.66
Error 153 1049.5347  6.8597
Total 179 1933.7375  10.8030

Coefficient of variance 9.43
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Table 59 Analysis of variance table by two factorial treatment effects and
interaction of root length of baby cos lettuce on different biological
agent (nematophagous fungi) application comparing fermented and

without fermented method before transplantation

Source df SS MS F Fo.o1
Replication 9 19.7722 2.1969 0.45 2.56
Treatment 17 294.2000 17.3059 3.52 2.19
A 8 119.4750 14.9344 3.04 2.66
B 1 0.0056 0.0056 0.00 6.85
AxB 8 174.7194 21.8399 4.45 2.66
Error 153 751.5778 4.9123
Total 179 1065.5500  5.9528
Coefficient of variance 14.50

Table 60  Analysis of variance table by two factorial treatment effects and
interaction of fresh weight of shoot of baby cos on different biological
agent (nematophagous fungi) application comparing fermented and

without fermented method before transplantation

Source df SS MS F Fo.o1
Replication 9 533.5609 59.2845 0.98 2.56
Treatment 17 9470.2068 557.0710 9.17 2.19
A 8 4443.0581 555.3823 9.14 2.66
B 1 85.7394 85.7394 1.41 6.85
AxB 8 4941.4093 617.6762 10.17 2.66
Error 153 9294.1300 60.7459
Total 179 19297.8977  107.8095

Coefficient of variance 21.31
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Table 61  Analysis of variance table by two factorial treatment effects and
interaction of dry weight of shoot of baby cos lettuce on different
biological agent (nematophagous fungi) application comparing
fermented and without fermented method before transplantation

Source df SS MS F Fo.o1

Replication 9 4.7612 0.5290 1.72 2.56

Treatment 17 57.5718 3.3866 11.02 2.19

A 8 26.3229 3.2904 10.71 2.66

B 1 0.9331 0.9331 3.04 6.85

AxB 8 30.3157 3.7895 12.33 2.66

Error 153 47.0130 0.3073

Total 179 109.3460 0.6109

Coefficient of variance 20.31

Table 62  Analysis of variance table by two factorial treatment effects and
interaction of gall per root of baby cos lettuce on different biological
agent (nematophagous fungi) application comparing fermented and
without fermented method before transplantation

Source df SS MS F Fo.o1

Replication 9 4578.3611 508.7068 2.90 2.56

Treatment 17 17481.0278  1028.2958 5.85 2.19

A 8 12642.8778  1580.3597  8.99 2.66

B 1 638.4500 638.4500 3.63 6.85

AxB 8 4199.7000 524.9625 2.99 2.66

Error 153 26882.1389  175.7003

Total 179 489415278  273.4164

Coefficient of variance 118.99
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Table 63  Analysis of variance table by two factorial treatment effects and
interaction of % galled reduction of baby cos lettuce on different
biological agent (nematophagous fungi) application comparing

fermented and without fermented method before transplantation

Source df SS MS F Fo.o1
Replication 9 77768.6167 8640.9574 2.54 2.56
Treatment 15 277419.2214 18494.6148  5.44 2.19
A 7 236254.1449 33750.5921  9.93 2.79
B 1 14476.5029 14476.5029  4.26 6.85
AxB 7 26688.5735 3812.6534 1.12 2.79
Error 135  459041.0011 3400.3037
Total 159  814228.8391 5120.9361
Coefficient of variance 101.34
Table 64 Analysis of variance table by two factorial treatment effects and

interaction of plant height of head lettuce by nematophagous fungi-
amended seedling application comparing two seedling media at 60 days

after transplantation in root-knot nematode infested area

Source df SS MS F Fo.o1
Replication 9 18.7506 2.0834 0.99 2.56
Treatment 17 2142.6578 126.0387 59.91 2.19
A 8 1704.0518 213.0065 101.25 2.66
B 1 0.0376 0.0376 0.02 6.85
AxB 8 438.5684 54.8211 26.06 2.66
Error 153 321.8614 2.1037
Total 179 2483.2698 13.8730

Coefficient of variance 11.55
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Table 65 Analysis of variance table by two factorial treatment effects and
interaction of root length of head lettuce by nematophagous fungi-
amended seedling application comparing two seedling media at 60 days

after transplantation in root-knot nematode infested area

Source df SS MS F Fooz
Replication 9 15.2222 1.6914 1.37 2.56
Treatment 17 2303.4278 135.4958 109.47 2.19
A 8 2274.4278 284.3035 229.69 2.66
B 1 8.4500 8.4500 6.83 6.85
AxB 8 20.5500 2.5688 2.08 2.66
Error 153 189.3778 1.2378
Total 179 2508.0278 14.0113
Coefficient of variance 8.80

Table 66  Analysis of variance table by two factorial treatment effects and
interaction of fresh weight of shoot of head lettuce by nematophagous
fungi-amended seedling application comparing two seedling media at 60

days after transplantation in root-knot nematode infested area

Source df SS MS F Fo.o1
Replication 9 1171.0985 130.1221 0.48 2.56
Treatment 17 249729.5420 14689.9731 54.72 2.19
A 8 158350.8417 19793.8552 73.74 2.66
B 1 1526.7618 1526.7618  5.69 6.85
AxB 8 89851.9385 112314923 41.84 2.66
Error 153 41071.9294  268.4440
Total 179 291972.5700 1631.1317

Coefficient of variance 13.44
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Table 67  Analysis of variance table by two factorial treatment effects and
interaction of dry weight of shoot of head lettuce by nematophagous
fungi-amended seedling application comparing two seedling media at 60

days after transplantation in root-knot nematode infested area

Source df SS MS F Fo.o1
Replication 9 3.7969 0.4219 0.46 2.56
Treatment 17 598.4047 35.2003 38.16 2.19
A 8 398.8727 49.8591 54.05 2.66
B 1 0.0654 0.0654 0.07 6.85
AxB 8 199.4667 24.9333 27.03 2.66
Error 153 141.1452 0.9225
Total 179 743.3468 4.1528
Coefficient of variance 14.38

Table 68  Analysis of variance table by two factorial treatment effects and
interaction of gall per root of head lettuce by nematophagous fungi-
amended seedling application comparing two seedling media at 60 days

after transplantation in root-knot nematode infested area

Source df SS MS F Fo.o1
Replication 9 1149.0056 127.6673 1.24 2.56
Treatment 17 11346.6278  667.4487 6.48 2.19
A 8 5480.8778 685.1097 6.65 2.66
B 1 28.0056 28.0056 0.27 6.85
AxB 8 5837.7444 729.7181 7.09 2.66
Error 153 15757.0944  102.9875
Total 179 28252.7278  157.8365

Coefficient of variance 46.63
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Table 69  Analysis of variance table by two factorial treatment effects and
interaction of % galled reduction of head lettuce by nematophagous
fungi-amended seedling application comparing two seedling media at 60
days after transplantation in root-knot nematode infested area

Source df SS MS F Fo.o1

Replication 9 6918.7453 768.7495 1.56 2.56

Treatment 15 21628.1160 1441.8744  1.75 2.19

A 7 11107.6774 1586.8111 3.22 2.79

B 1 52.4410 52.4410 0.11 6.85

AxB 7 10467.9976 1495.4282  3.03 2.79

Error 135 66561.3592 493.0471

Total 159 95108.2206 598.1649

Coefficient of variance 42.78

Table 70 Analysis of variance table by RCBD of plant height of head lettuce by
bio-formulations of nematophagous fungi at 60 days after
transplantation in root-knot nematode infested area (Area 1)

Source df SS MS F F.05 F.01 F-Prob

Block 9 9.0500 1.0056 1.12 2.04 272 0.3553

Treatment 9 199.2500 22.1389 24.75 2.04 2.72 0.0000

Ex.Error 81 724500  0.8944

Total 99 280.7500 2.8359

Coefficient of variance

4.71

Table 71 Analysis of variance table by RCBD of root length of head lettuce by
bio-formulations of nematophagous fungi at 60 days after
transplantation in root-knot nematode infested area (Area 1)

Source df SS MS F F.05 F.01 F-Prob

Block 9 23.7625  2.6403 0.80 204 272 0.6219

Treatment 9 128.8125 14.3125 432 2.04 2.72 0.0003

Ex.Error 81 268.6125 3.3162

Total 99 421.1875 4.2544

Coefficient of variance

17.38
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Table 72 Analysis of variance table by RCBD of fresh weight of shoot of head
lettuce by bio-formulations of nematophagous fungi at 60 days after

transplantation in root-knot nematode infested area (Area 1)

Source df SS MS F F.05 F.01 F-Prob

Block 9 43625.0000 48472222 139 204 272 0.2049
Treatment 9 649225.0000 72136.1111 20.72 2.04 2.72 0.0000
Ex.Error 81 282025.0000  3481.7901
Total 99 974875.0000 9847.2222

Coefficient of variance 22.73

Table 73 Analysis of variance table by RCBD of dry weight of shoot of head
lettuce by bio-formulations of nematophagous fungi at 60 days after

transplantation in root-knot nematode infested area (Area 1)

Source df SS MS F F.O05 F.01 F-Prob
Block 9 63.6571 7.0730 143 204 272 0.1873
Treatment 9 326.6813 36.2979 736 2.04 272 0.0000
Ex.Error 81 399.6367 4.9338

Total 99 789.9751 7.9795

Coefficient of variance 23.97

Table 74  Analysis of variance table by RCBD of gall per root of head lettuce by
bio-formulations of nematophagous fungi at 60 days after transplantation

in root-knot nematode infested area (Area 1)

Source df SS MS F F.05 F.01 F-Prob

Block 9 185.3600 20.5956 029 204 272 09761
Treatment 9 18858.9600 2095.4400 29.16 2.04 2.72 0.0000
Ex.Error 81 5821.4400  71.8696
Total 99 24865.7600 251.1693

Coefficient of variance 90.96
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Table 75  Analysis of variance table by RCBD of gall per root of head lettuce by
bio-formulations of nematophagous fungi at 60 days after transplantation
in root-knot nematode infested area (Area 1)

Source df SS MS F F.05 F.01 F-Prob
Block 9 1883.7537 209.3060 0.77 2.04 272 0.6475
Treatment 8 10115.1473 1264.3934 464 2.09 2.82 0.0003
Ex.Error 72 19627.7938  272.6082
Total 89 31626.6947  355.3561
Coefficient of variance 18.44
Table 76 Analysis of variance table by RCBD of plant height of head lettuce by

bio-formulations of nematophagous fungi at 60 days after
transplantation in root-knot nematode infested area (Area 2)

Source df SS MS F F.05 F.01 F-Prob
Block 9 12.6000 1.4000 1.27 204 272 0.2646
Treatment 9 102.2000  11.3556 10.31 2.04 272 0.0000
Ex.Error 81 89.2000 1.1012
Total 99 204.0000  2.0606
Coefficient of variance 4.95
Table 77 Analysis of variance table by RCBD of root length of head lettuce by

bio-formulations of nematophagous fungi at 60 days after
transplantation in root-knot nematode infested area (Area 2)
Source df SS MS F F.05 F.01 F-Prob
Block 9 17.4400 1.9378 095 2.04 272 0.5086
Treatment 9 83.2900 9.2544 452 204 272 0.0002
Ex.Error 81 165.9600  2.0489
Total 99 266.6900  2.6938

Coefficient of variance 14.18
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Table 78  Analysis of variance table by RCBD of fresh weight of shoot of head
lettuce by bio-formulations of nematophagous fungi at 60 days after
transplantation in root-knot nematode infested area (Area 2)

Source df SS MS F  F05 FO01 F-Prob
Block 9 20208.6000 22454000 1.45 204 272 0.1790
Treatment 9 221864.4000 24651.6000 15.96 2.04 2.72 0.0000
EX.Error 81 125073.0000 1544.1111
Total 99 367146.0000 3708.5455

Coefficient of variance

29.58

Table 79  Analysis of variance table by RCBD of dry weight of shoot of head
lettuce by bio-formulations of nematophagous fungi at 60 days after
transplantation in root-knot nematode infested area (Area 2)

Source df SS MS F F.05 F.01 F-Prob
Block 9 45.1996 5.0222 0.93 2.04 272 0.5012
Treatment 9 439.2180 48.8020 9.08 2.04 272 0.0000
Ex.Error 81 435.5342 5.3770
Total 99 919.9518 9.2924
Coefficient of variance 35.18

Table 80  Analysis of variance table by RCBD of gall per root of head lettuce by
bio-formulations of nematophagous fungi at 60 days after transplantation
in root-knot nematode infested area (Area 2)

Source df SS MS F FO05 F.01 F-Prob

Block 9 544.4900 60.4989 123 204 272 0.2883

Treatment 9 12331.4900 1370.1656 27.84 2.04 2.72 0.0000

Ex.Error 81 3985.8100 49.2075

Total 99 16861.7900 170.3211

Coefficient of variance

77.00
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Table 81  Analysis of variance table by RCBD of % galled reduction of head

lettuce by bio-formulations of nematophagous fungi at 60 days after

transplantation in root-knot nematode infested area (Area 2)

Source df SS MS F F0O5 F.01 F-Prob
Block 9 2541.3617 282.3735 1.30 2.04 2.72 0.2504
Treatment 8 1768.9470 221.1184 1.02 2.09 2.82 0.4298
Ex.Error 72 15613.1963 216.8499
Total 89 19923.5050 223.8596

Coefficient of variance

16.92




Table 82 Source of the nutritional component on seven solid substrate media and their cost
Source Cost of raw
Media component
Carbon Nitrogen | Phosphorus Trace elements Growth factors (Baht/kg)
fiber, fat, L I . . L
Corn carbohydrates protein phosphorus Mg, Ca, Mn, Fe, niacin, thlamm, folate, nbo_gavm, pa_ntothenlc acid , beta- 14
sugar ' Zn, Na, Cu, Se carotene, lutein+zeazanthi¥, vitamin A, B6, C, E, K
Sovbean fiber, fat, oSiein hosphorus Mg, Ca, Mn, Fe, niacin, thiamin, folate, riboflavin, pantothenic acid, 70
y carbohydrates P phosp Zn, Na, Cu, Se vitamin A, B6, C
. fiber, fat, L - . y .
Glutinous carbohvdrates TN hosphorus Mg, Ca, Mn, Fe, niacin, thiamin, folate, riboflavin, pantothenic acid , 36
Rice suéar ' P phosp Zn, Na, Cu, Se vitamin B6, E, K
fiber, fat, Mg, Ca, Mn, Fe niacin, thiamin, folate, riboflavin, pantothenic acid
Rice carbohydrates, protein phosphorus Zn. Na, Cu, Se vitamin B6, E, K 25
sugar
Rice fiber, fat Ve ) . . L
. o \ Mg, Ca, Mn, Fe, niacin, thiamin, folate, riboflavin, pantothenic acid ,
mlxe_d V8 | carbohydrates, protein phosphorus Zn Na, Cu. Se vitamin A, B6, C, E, K 41
juice sugar
Corn fiber, fat L e . y L
. P . Mg, Ca, Mn, Fe, niacin, thiamin, folate, riboflavin, pantothenic acid , beta-
mixed V8 carbohydrates, protein phosphorus Zn, Na, Cu, Se carotene, lutein+zeazanthi, vitamin A, B6, C, E, K 30
juice sugar
Millet fiber, fat, protein phosphorus | Mg, Ca, Mn, Fe, Zn | tryptophan, niacin, B6, thiamin, folate, riboflavin 18
carbohydrates g ' e ' ’

Source: Wikipedia (2012h)
1/ bold letter = high amount

9/¢



Table 83

The nutritional sources of eight liquid media and their cost

Source Cost
Media
Carbon Nitrogen Phosphorus Trace elements Growth factors (Baht/lit.)

%2 adamek-16sung agar, malt V8 V8 V8, CaCos agar yeast extract, V8 107.7
Beef corn sucrose, corn powder corn powder corn powder CaCo;, beef extract 406.80

Coconut coconut milk protein hydrolysis coconut milk coconut milk coconut milk 7.18

Egg corn sucrose, corn powder egg yolk egg yolk egg yolk egg yolk 2.70
Enteromophthoraceae agar, malt extract V8 V8 V8, CaCo; agar V8 64.26
Gemisesaft-malzextrakt glucose corn steep liquor yeast extract, corn steep liquor 119.86

V8 rice sucrose, rice powder corn steep liquor V8 V8 V8, corn steep liquor 8.41

V8 V8 V8 V8 V8, CaCos; V8 32.79

L1C
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Useful nematode related websites

Subject

Website

Identification of nematodes:

http://nematode.unl.edu/key/nemakey.htm

Nematodes feeding:

http://www.cropsci.uiuc.edu/faculty/lambert-k/

SCN mating:

http://www.cropsci.uiuc.edu/faculty/lambert-k/

Nematodes movies:

http://www.cropsci.uiuc.edu/faculty/lambert-k/

Phylogenetic trees of
nematodes:

http://www.wormbook.org/chapters/www quickto
urdiversity/quicktourdiversity.html

University of Nebraska —
Lincoln Nematology:

http://nematode.unl.edu/

lowa State University, Soybean
cyst nematode:

http://nematode.unl.edu/scn/scnisu.htm

Alternative nematode control:

http://www.attra.org/attra-pub/nematode.html

Soybean cyst nematode:

http://extension.missouri.edu/xplor/agguides/crops/
004450.htm

Nematode identification:

http://kbn.ifas.ufl.edu/gaster/identify.htm

The virtual nematode:

http://www.ppws.vt.edu/~sforza/nematode.html

Other nematodes:

http://elegans.swmed.edu/Nematodes/

UC Davis Nematode databases:

http://ucdnema.ucdavis.edu/search.html

Society of nematologists:

http://www.nematologists.org/

C. elegans information:

http://elegans.swmed.edu/

Biocontrol web site:

http://sacs.cpes.peachnet.edu/nemabc/

History of Nematology:

http://flnem.ifas.ufl.edu/nemadoc.htm

Chemical methods of nematode
control:

http://plpnemweb.ucdavis.edu/nemaplex/Mangmnt
/Chemical.htm



http://nematode.unl.edu/key/nemakey.htm
http://www.cropsci.uiuc.edu/faculty/lambert-k/
http://www.cropsci.uiuc.edu/faculty/lambert-k/
http://www.cropsci.uiuc.edu/faculty/lambert-k/
http://www.wormbook.org/chapters/www_quicktourdiversity/quicktourdiversity.html
http://www.wormbook.org/chapters/www_quicktourdiversity/quicktourdiversity.html
http://nematode.unl.edu/
http://nematode.unl.edu/scn/scnisu.htm
http://www.attra.org/attra-pub/nematode.html
http://extension.missouri.edu/xplor/agguides/crops/g04450.htm
http://extension.missouri.edu/xplor/agguides/crops/g04450.htm
http://kbn.ifas.ufl.edu/gaster/identify.htm
http://www.ppws.vt.edu/~sforza/nematode.html
http://elegans.swmed.edu/Nematodes/
http://ucdnema.ucdavis.edu/search.html
http://www.nematologists.org/
http://elegans.swmed.edu/
http://sacs.cpes.peachnet.edu/nemabc/
http://flnem.ifas.ufl.edu/nemadoc.htm
http://plpnemweb.ucdavis.edu/nemaplex/Mangmnt/Chemical.htm
http://plpnemweb.ucdavis.edu/nemaplex/Mangmnt/Chemical.htm
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The 3™ Annual Meeting of Thai Mycological Association and
Mycology Conference in Thailand. 11 October 2008, p. 50.

Screening and Production of Antagonistic Fungi (4rthrobotrys sp.) for
Controlling Root Knot Nematode in Head Lettuce

*
Sumalee Mensin , Pipop Lumyong and Angsana Akarapisan
Department of Plant Pathology, Faculty of Agriculture, Chiang Mai University (CMU), Chiang Mai 50200,
Thailand

Abstract. Dual culture tests between pairs of three antagonistic fungi i.e. Arthrobotrys
spp. (8 isolates), P. lilacinus and T. harzianum, showed that T harzianum grew more
quickly and its mycelium inhibited growth of Arthrobotrys spp. by invading and covering
the Arthrobotrys spp. ’s colonies. No binding or penetration of the hyphae of the two
fungi on the hyphae of Arthrobotrys spp. was found. But the areas where T, harzianum
grew on top of Arthrobotrys spp.’s colonies had no spore production. T. harzianum grew
faster than P. lilacinus and inhibited growth of the later as well. A test on capability of
Arthrobotrys spp. to capture the J2 (root knot nematode juvenile stage 2) was carried out
on diluted animal feed corn medium. It was found that Dong con isolate showed best
result while HNR oli, PD and Dong oli came second, third and fourth respectively. A pot
test; comparison of capability of 4 selected isolates and carbofuran to control root knot
pematode in head lettuce by mixing with the soil before planting. Results showed that
Dong conand Dong oli isolates could reduce root knot numbers, increase fresh weight of
the plant and reduce population of J2 but their efficacy was lower than carbofuran. A
study on finding a suitable compost to multiply the Arthrobotrys spp. fungus: the
compost consisted of 50 % of cow dung manure, 20 % of ash, 10 % of rice bran, 10 % of
rice husk and 10 % of coconut peat with 15 days fermentation showed highest
sporulation. The proportion of Arthrobotrys spp. in the compost to mix with soil at the
rate of 1:2 (300 g/ 600 g soil), could reduce J2 population most.

Key words: biological control, Meloidogyne, root knot nematode, nematophagous fungi,
Arthrobotrys
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Abstract

Results from a study and tests on antagonistic fungi efficiency against root-knot nematode,
Meloidogyne incognita, carried out in the laboratory to develop bio-product controlling root-knot
nematode showed that from samples collected from sandy loam from 45 vegetable plots growing head
lettuces, baby cos, lettuces, tobaccos, tomatoes, chilies , beetroots, carrots, and Japanese cucumbers, all
of which have records on the spread of root-knot nematode and are in 4 provinces including Chiang
Mai (36 samplings) Chiang Rai (2 samplings) Nakornsawan (1 sampling) and Mae Hong Son (6
samplings), antagonistic fungi could be isolated by soil scattering method. On Water agar, when
dripping suspended solid containing second stage juveniles (J2) of root-knot nematode M. incognita
with intensity of 100, 116 fungal isolates were found and could be morphologically classified into 3
families including: Arthrobotrys spp. (82%) Monacrosporium spp. (10%) Paecilomyces spp. (5%) and
Unknown (3%). Concerning efficiency of elimination of the second stage juveniles (J2) and egg masses
of root-knot nematodes on WA , the results found were that after 7 days, 8 antagonistic fungal ; DLo
001 and MTo 010 (4rthrobotrys oligospora) MSr 018 (Arthrobotrys conoides) MSr 007 (Arthrobotrys
musiformis) JDI1 001 and MPa 007 (Monacrosporium thaumasium) WJ 003 Paecilomyces lilacinus and
MP1 007 Unknown isolates with the highest rate of J2 elimination (80-90%) and 70-75% with the
highest rate of egg masses elimination were screened. However, trap formations or J2 and egg masses
elimination process of each family were different. In addition, it was found that Arthrobotrys

musiformis can produce a certain ammonia-like odor.

Keywords: antagonistic fungi against nematodes, Meloidogyne incognita, root-knot
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FIG. 1. A-C. Obovoidal to ellipsoidal conidia and conidiophores D. Trapping structures of Arthrobotrys spp.



FIG. 2. A-B. Spindle-shaped conidia and conidiophores of Monacrosporium spp.

FIG. 3. A-B. Globose or ellipsoidal to fusiform conidia and conidiophores of Paecilomyces spp.

FIG. 4. A-B. Ellipsoidal conidia and conidiophores of MP1 007
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Table 1  Percentage capturing of second-stage juveniles of Meloidogyne incognita by eight isolates of

nematophagous fungi on Water Agar medium

% capturing of J2 of
Area Code-
M. incogm'ta1
(Village, District, Amphoe, Province) isolate
3 day 5 day 7 day
Dong Leo Sri, Ban Hong, Ban Hong, Lumpoon DLo 001 24 85 100
Mae Tho, laolee, Hot, Chiang Mai MTo 010 15 86 100
Mae Sariang, Aom pai, Hot, Mae Hong Son (2) MSr 018 0 75 90
Jadeemaekuey, Maejadeemai, Sansai, Chiang Mai JDI1 001 9 83 100
Mae Phae, Sa Meang Noa, Sa Maeng, Chiang Mai MPa 007 0 76 90
Mae Sariang, Aom pai, Hot, Mae Hong Son (1) MSr 007 0 70 91
Mae Pun Luang, Wiang, Wiang Pa Pao, Chiang Rai MP1 007 0 0 0
Ban Jan, Wat Jun, Mae Jam, Chiang Mai WJ 003 0 0 0

: Average of 3 replications per each isolates
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Table 2 Characterization of eight isolates of nematophagous fungi on Water Agar medium 7 day

Characterization of Nematophagous fungi
Code- .
Species Trapping structures Volatile Number of
isolate
traps per disc

Arthrobotrys oligospora DLo 001 Three-dimensional network - 7
Arthrobotrys oligospora MTo 010 | Three-dimensional network - 9
Arthrobotrys conoides MSr 018 Adhesive nets 2 20
Monacrosporium thaumasium | JD1 001 Three-dimensional network - 5
Monacrosporium thaumasium | MPa 007 | Three-dimensional network - 4
Arthrobotrys musiformis MSr 007 Adhesive nets Ammonia 3
Unknown MPI 007 Penetration of hyphae - 0
Paecilomyces lilacinus WJ 003 Penetration of hyphae - 0

lAverage of 3 replications per each isolates
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Influence of Fungicide and Herbicide to Nematophagous Fungi Against
Root-knot Nematode

Sumalee Mensin'*, Ratchadawan Cheewangkoon', Sarunya Valyasevi' and

Chaiwat To-anun'
! Department of Plant Pathology, Faculty of Agriculture Chiang Mai University, Chiang Mai 50200
“E-mail: Leeland317 @hotmail.com

The purpose of this research was to study effect of various pesticides. Five popular
fungicides and three herbicides were tested under in vitro conditions on the growth and
sporulation of 8 isolates of efficient nematophagous fungi against root-knot nematode which
divided in 3 genera, Arthrobotrys spp., Monacrosporium spp. and Paecilomyces spp. After
- 10 days incubation, metalaxyl mixed mancozep 68 W/G (1,700 ppm a.i.) caused almost
complete inhibition of all fungal radial mycelial growth, with significantly (P=0.05), at all
tested concentrations consisting of recommended rate, double rate, half of recommended rate
and one-third of recommended rate in comparison to non treated dishes. Fosetyl aluminium
80 WG (8,000 ppm a.i.) caused 100% inhibition of all fungal radial mycelial growth at
double rate and recommended rate as well as half of recommended rate inhibiting 6 isolates
of nematophagous fungi, except 2 isolates of Paecilomyces genera, at 100%. Quintozene
mixed etridiazole 30% W/V EC containing 900 ppm a.i. caused 100% inhibition of all fungi
at double rate and 100% inhibition at recommended rate in 6 isolates of the fungi, similarly
result of fosetyl aluminium at half of recommended rate. In addition, propamocarb
hydrochloride 72.2 % W/V SL containing 722 ppm a.i. has a slightest tendency affectation of
the fungal radial growth and sporulation. Radial mycelia of Arthrobotrys spp. and
Monacrosporium spp. have highest sensibility derive from paraquat dichloride 27.6 %W/V
SL (1,725 ppm a.i.) so theirs mycelia were inhibited at 100%. Oxyfluorfen 23.5 % W/V EC
was second affecting herbicide that involving a quantity of sporulation. However, all
pesticides have not an impact on morphological character of colony surfaces such as color
and texture including spore appearance and their germination. This result indicated that soil
pesticides are toxic to nematophagous fungi; therefore, theirs capacity may be decrease.

Key words: nematophagous fungi, root-knot nematode, fungicide, herbicide
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Selection of efficient nematophagous fungi against root-knot
nematodes in the highland cultivated area

Sumalee Mensin®, Kasem Soytong?, Robert J McGovern® and Chaiwat To-
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Sumalee Mensin, Kasem Soytong, Robert J McGovern and Chaiwat To-anun (2012) Selection
of efficient nematophagous fungi against root-knot nematodes in the highland cultivated area.
Journal of Agricultural Technology 8(7):2259-2272.

A number of highly virulent nematophagous fungi were recovered by soil sprinkling technique
from both infested nematode plantation sand areas rich in organic matter in four provinces of
Thailand. Four isolates of genus Arthrobotrys and two isolates of genus Monacrosporium
selected from forty-five soil samplings damaged 90-100% second stage juveniles (J2) of root-
knot nematodes (Meloidogyne incognita) using adhesive nets structures while two isolates,
genus Paecilomyces and genus Pochonia infected 70-75% of eggs by means of appressoria.
Results of morphological and molecular identification were generally concordant. The
morphological and molecular data were in agreement for four fungal isolates, DLO1-001
(Arthrobotrys oligospora), MTI12-001 (A. oligospora), API3-001 (Arthrobotrys conoides) and
MSO1-001 (Arthrobotrys musiformis). The conidiophore patterns and conidia classified JDI1-
001 and MPI11-003 as genus Monacrosporium. Nevertheless, the 5.8s-1TS2-28s rDNA sequence
data using ITS1 and ITS4 primers aligned them with Arthrobotrys thaumasia.

Key words: nematophagous fungi, biological control, highland, root-knot nematodes,
Meloidogyne incognita, ITS

Introduction

Root-knot nematodes (Meloidogyne spp.) affected plants showing
symptoms of stunting, wilting or yellowing including lumps or galls on roots.
Control strategies for root-knot nematodes should be based on density reduction
in soil through sustainable and eco-friendly approaches. Nematophagous fungi
are natural enemies of nematodes and around 160 species are known in this
carnivorous group (Wikipedia, 2012d). They are found in most fungal taxa:
Ascomycetes and their hyphomycete anamorphs, Basidiomycetes,

" Corresponding author: To-anun Chaiwat; e-mail: chaiwat.toanun@gmail.com
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Zygomycetes, Chytridiomycetes and Oomycetes (78 Steps Health Journal,
2012). These fungi can be classified into four major groups according to their
infective strategies: trapping, endoparasitic, opportunistic and toxic fungi (Xue-
Mei and Zhang, 2011). They use special mycelial structures to penetrate the
nematode cuticle, invade and digest nematodes (Nordbring-Hertz et al., 2006).
Accordingly, these fungi became of interest as bio-control agents against plant-
and animal-parasitic nematodes. Persmark et al. (1996) showed that many
nematophagous fungi have been found most frequently in the rhizospheres of
plants. Nevertheless, these fungi have more complex relationship with their
nematode hosts and ecology, since they also have an ability to live
saprophytically (Ming-He, 2006). Morphological characteristics used for
species identification of isolates included colony growth and culture
characteristics on media, conidiophore branching pattern and arrangement
including conidial morphology and quantity. These criteria were generally
useful for species identification but in some cases interspecies overlap
occurred. Therefore, molecular techniques are essential for confirmation of
cultural and morphological species identification. The ITS region is now
perhaps the most widely sequenced DNA region used for fungal identification.
It has typically been most useful for molecular systematics at the species level,
and even within species e.qg., to identify geographic races (Vilgalys lab, 2012).

The objectives of this study were to select efficient nematophagous fungi
against root-knot nematodes for highland plantation applications and to classify
the genera and species of selected fungi based on morphological characteristics
and molecular techniques.

Materials and methods
Collection of soil samplings and Isolation of nematophagous fungi

Randomized samples of 500 g of soil were collected from rhizospheres
from infected root-knot nematode plantations and adjacent areas rich in organic
material in highland areas in Thailand. Approximately 1 g of each soil sampling
was sprinkled on the surface of three water agar (WA) Petri dishes containing
antibiotics (0.05% streptomyc in sulphate and 0.01% chloramphenicol) together
with a suspension of root-knot nematode eggs added as bait. The Petri dishes
were incubated at room temperature (25-30°C) for 3 and 5 days and then
examined by microscope at low magnification for the appearance of trapped
nematodes, trapping organs and conidia. Pure cultures of the fungi were made
by single spore isolation technique.
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In vitro predacity of nematophagous fungi against Meloidogyne spp.

Cultures of each fungus were grown in a 1:10 corn meal agar (CMA)
medium containing antibiotics. Second stage juveniles (J2) or egg sacs were
isolated from lettuce root galls and washed 5 times with sterilized distilled
water. Two drops of water containing 100 J2 or eggs of Meloidogyne incognita
was immediately inoculated into each Petri dish. Three Petri dishes served as
replicates. They were kept at 25'C and the observations on trapping structures
and trapped nematodes were taken at 3, 5 and 7 days under a microscope at
100x. Verification of the formation of predaceous structures and capturing of
nematodes were recorded and percentages calculated.

Identification of nematophagous fungi based on morphological
characteristics

The competent fungal cultures were maintained on CMA at 27°C for 10
days; to observe morphological characteristics and slide-cultures were
incubated for a week after inoculation of the fungi. The isolates were analyzed
based on conidiophore branching patterns, and arrangement and mode of
conidia production using the online database programs Mycobank, Index
Fungorum and keys to the nematode-trapping genera of hyphomycetes and
some similar genera developed by Annemarthe (no date).

Identification of nematophagous fungi based on molecular techniques
DNA extraction

Each isolate of selected fungi was grown on PDA at room temperature.
The mycelia were ground in liquid nitrogen with mortar and pestle to a fine
power. The genomic DNA was extracted using the DNA Trap [ (DNA TEC Cat
NO.100-1009) according to the manufacturer’s instructions. Powdered
mycelium was suspended in detergent solution (700 ul of extraction buffer),
incubated at 65 °C for 60 min and put on ice box for 5 min. Extraction was with
120 pl neutralizer, mixed and put on ice box for 10 min. The cellular debris was
pelleted by centrifugation for 5 min at 10,000 rpm. 1.5 ml of supernatant was
mixed with 500 pl of trapping buffer and left at room temperature for 10 min.
The mixture was centrifuged at 10,000 rpm for 1 min to harvest any pellets
after discarding the supernatant. Samples were washed with 50 ul of washing
buffer | and centrifuged at 10,000 rpm for 1 min to harvest whole pellets. The
previous step was repeated with washing buffer 11. The pellets were dried in an
incubator at 65 °C and 10 ul of elution buffer was added before centrifugation.
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The mixture was incubated at 65 °C for 30 min and centrifuged at 10,000 rpm
for 5 min. The supernatant with DNA was kept at -20 °C prior to final
characterization.

Determination of DNA concentration

DNA quality and quantity were determined by comparing with standard
DNA intensity using an agarose gel electrophoresis protocol. A standard 1%
(w/v) agarose gel prepared in Tris-Acetate-EDTA (TAE) electrophoresis buffer
was used for analysis of total DNA preparations from fungal isolates and PCR
amplicons. One gram of agarose powder was dissolved in 100 ml of 1X TAE
buffer and microwaved for 2 min. The gel was cast with a sample slot comb.
After approximately 30 min, the gel had solidified sufficiently to allow comb
removal. TAE buffer was added in electrophoresis tank after submerging the
gel. The samples in 6X gel-loading buffer were loaded into individual gel slots
and run at 100 volts for 30 min. The gel was stained with ethidium bromide
solution (10 pl /200 ml of buffer) for 10 min before viewing and photographing
using a long wave UV transilluminator.

PCR amplification of the ITS region

PCR reaction and digestion of amplified fragments were performed
according to the procedures of Korabecna, 2007; Esteve-Zarzoso, 1999. The
5.85-1TS2-28s rDNA gene was amplified by PCR using the internal transcribed
spacer primers ITS1 (5TCC GTA GGT GAA CCT GCG G 3) and ITS4
(5TCC TCC GCT TAT TGA TAT GC 37) (White, 1990). The PCR
amplification was carried out using the GeneAmp® PCR System 9700 (Applied
Biosystems). Twenty pl of reaction mixture contained 10 ng of template DNA,
0.25 uM of each ITS1and ITS4 primer, PCR buffer which was comprised of
100 mMTris-HCL (pH 9.0), 500 mMKCI, 2.0 mM MgCl5), 200 uM dNTPs and
0.6 unit of Tag DNA polymerase. The PCR amplification was programmed to
carry out an initial denaturation step at 94 °C for 3 min, 35 cycles of
denaturation at 94 °C for 30 sec, annealing at 55 °C for 30 sec and elongation at
72 °C for 7 min, followed by 1% (w/v) agarose gel electrophoresis and
purification with PCR Kit.

Sequencing and phylogenetic analysis
Sequences of PCR products were obtained from both strands with ITS1

and ITS4 primers using the dideoxy chain termination method. The PCR
products generation was carried out with the BigDye® Terminator v3.1 cycle
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sequencing kit, (1st BASE, Singapore) and automated DNA sequencer
following the manufacturer’ s instructions. The Sequencher version4.7 software
was used to assemble, edit and generate high-quality sequences. Sequence
similarity analyses were performed using the Basic Local Alignment Search
Tool (BLAST) in GenBank or databases of National Center for Biotechnology
Information: NCBI BLAST Assembled RefSeqGenomes program (NCBI,
2012).

The multiple sequence alignment program: MAFFT version 6 and
GeneDoc version 2.7 was used to align nucleotide sequences. The phylogenetic
tree was obtained from data using one of three equally parsimonious trees
obtained through 1,000 replications of an heuristic search with random,
stepwise sequence addition by PAUP version 4.0b10 (Phylogenetic Analysis
Using Parsimony). Additional ITS sequences of nematophgous fungi were
retrieved from GenBank.

Results
Collection of soil samplings and Isolation of nematophagous fungi

One hundred and three isolates were obtained from the Chiang Mai area,
two from Chiang Rai, four from Nakhonsawan and seven from Mae Hong Son.
One hundred and one nematophagous fungi classified as trapping fungi, five
isolates as endoparasites and ten as egg parasites were isolated from forty-five
soil samplings. The genus Arthrobotrys sp. forming either adhesive nets or
constricting rings was most commonly found (75%) followed by
Monacrosporium sp. (12.93%) which formed non-constricting rings or adhesive
knobs (stalked knob) structures, egg parasite Paecilomyces sp. (7.76%) and
endoparsite Meristacrum using adhesive spores damaged J2 (4.31%) (Figure 1).

In vitro predacity of nematophagous fungi against Meloidogyne spp. was
done. Each fungal isolate varied in their capacity to capture and kill nematodes.
A few fungal isolates showed quickness in capturing nematodes. Notable, a
destructive process was initiated by most isolates after 5 days. Seven fungal
isolates, JDI1-001, MTI2-001, MSO1-001, MPI11-003, KJO1-003, WJI1-003
and API3-001 appeared to have high destructive capacities against root-knot
nematodes. After 7 days, JDI1-001(Monacrosporium sp.) damaged 100% of
second stage juveniles (J2) of root-knot nematodes and MT12-001(Arthrobotrys
sp.). MSO1-001(Arthrobotrys sp.), MPI1-003(Monacrosporium sp.) and API3-
001 (Arthrobotrys sp.) damaged at 91.2%, 90.1% and 90.0%, of J2 nematodes
respectively while KJO1-003 (Pochonia sp.) and WJI1-003 (Paecilomyces sp.)
attacked 70.1 and 75.1% of eggs, respectively (Figure 2).
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Identification of nematophagous fungi based on morphological
characteristics

DLO1-001 and MTI2-001 were classified as Arthrobotrys oligospora.
Colony textures on corn meal agar (CMA) of these fungi were fuzzy and
powdery, respectively, with dirty white surface color, but the reverse side of the
colonies was colorless. Mycelia grew shallowly in light concentric zones and
produced a wooly pattern. Conidiophores were simple and erect, ranged in
length from 200-450um, proliferated repeatedly and sporulated heavily.
Conidia were obovoidal to pyriform. Submedially, 1-2 septa were observed
which sometimes showed the site of slight constrictions. The conidia of DLO1-
001 were 33.10£1.41 pm long x12.90£0.85 pm wide while conidia of MTI2-
001 were 29.10+1.55 um longx12.25+0.85 um wide.

API3-001 was grouped in Arthrobotrys conoides. Colony texture was
powdery with a dirty white color. In addition, AP13-001 produced a colorless
mycelial substrate and thin aerial mycelia. Conidiophores were erect, rarely
branched, up to 400 um in length, and proliferated repeatedly causing heavy
conidial production. The conidiogenous heads were irregularly swollen,
sometimes elongate and had short denticles. Conidia were elongate-obovoidal,
with one median septum and slight constriction and measured 38.10£1.07 pm
in length x12.90+1.07 um in width.

Monacrosporium thaumasium was the designation of JDI1-001 and
MPI1-003. The surface and reverse colony color of these fungi were white and
colorless, respectively. Colony textures were powdery, but differences in
zonation were noted; JDI1-001 had a wooly appearance and MPI1-003 had a
slight radial furrowing. Most conidiophores were simple, 150-300 um in length,
had 1-2 small perpendicular branches, and consequently these fungi produced a
moderate number of conidia. Spindle-shaped conidia were detected on media.
At their widest part conidia measured 23.15+1.09 um and most often had two,
equidistant septa.

MSO01-001 was classified as Arthrobotrys musiformis. Colony texture of
this fungus was fuzzy and dirty white in color, but had limited growth in the
center. Furthermore, the mycelial substrate was colorless and thin.
Microscopically and by measurement the fungus was most similar to the genus
Arthobotrys in that it had erect conidiophores, averaging 272.50£54.95 pum in
length. However, this isolate rarely produced side branchs and proliferated
subapically to produce a candelabrum-like branching system, each branch
bearing a single terminal conidium. Conidia were elongate-obovoidal to
ellipsoidal and 1-septate slightly below the middle. Conidia averaged
30.85£1.35 um longx13.05+0.94 um wide.
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WJI1-003 was categorized as Paecilomyces lilacinus. Colonies were
relatively slow-growing. Colony surface texture was velvety with a light
concentric pattern consisting of numerous conidiophores and heavy sporulation.
Aerial mycelium was at first white and changed to shades of light purple or
sometimes was uncolored. Conidiophores were 30.25+7.34 pm in length,
occasionally forming 2-4 layers of loose synnemata which had stalks with
roughened thick walls. Verticillate branches with whorls of 2 - 4 phialides were
often abundant. Phialides were 26-30 £6-8 umin length, consisting of a swollen
basal portion tapering into a short distinct neck. Conidia in divergent chains were
ellipsoidal to fusiform. They were smooth-walled to slightly roughened, hyaline,
but purple in mass. Conidia were 3.125+0.22 pm longx3.05+0.15um wide.

KJO1-003 was identified as Pochonia chlamydosporia. A creamish white
and slight cottony colony was observed on CMA. Colony texture was wooly.
Its aerial mycelium had shallow growth and a thin form. Conidiophores were
usually prostrate and little differentiated from the vegetative hyphae, but
sometimes erect and differentiated. Conidiogenous cells were phialides, tapered
to a narrow tip, and were hardly visible and solitary. Conidia were transversely
positioned on phialides and formed in small slimy heads. Phialides originated
from prostrate hyphae, were solitary and up to five per node. Conidia were
subglobose, ellipsoidal to rod-shaped, isodiametric-polyhedric, or falcate with
blunt ends, 3-3.5 um wide and mostly adhered on globose heads or chains.
Colony characterization of eight nematophagous fungi are shown in Figure 3
and Table 1.
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Fig. 3. Characteristics of eight fungal in colony textures, conidiophore patterns and conidia.

Table 1. Colony characterization of eight nematophagous fungi

Colonydiam _ Colony character

Genera and

Isolate Speci 15 days Surface Reverse ~ Zonation  Sporulation
pecies Texture
(cm) color color
DLO1- Arthrobotrys . . Light .
. 7.5-8.0 Fuzzy Dirty white  colorless  concentri  Heavy
001 oligospora
C zones
MTI2- Arthrobotrys . .
001 oligospora 7.5-8.0 Powdery Dirty white  colorless ~ Wooly Heavy
API3- Arthrobotrys . .
001 conoides 7.5-8.0 Powdery Dirty white  colorless  Wooly Heavy
JDI1- Monacrosporium .
001 thaumasium 6.5-7.0 Powdery White colorless  Wooly Moderate
) . Slightly
3/(')2'1 mgﬂ;‘;rgz’;?”um 6.5-7.0 Powdery White colorless  radially Moderate
furrowed
: Slightly
3/501 gﬁgzgk;r%tirsys 7.5-8.0 ;:‘Jezr;tral Dirty white  colorless  radially Moderate
Yy furrowed
WJI1- Paecilomyces Light Slightly Light .
P 5.5-5.7 Velvety - concentri ~ Heavy
003 lilacinus purplewhite  purple
c zones
. . . Slightly
KJO1- Pochonia ) 50-55 Slight Crgamlsh creamis  Wooly Moderate
003 chlamydosporia cottony white h

Identification of nematophagous fungi based on molecular techniques

The genus and species of eight isolates of nematophagous fungi were
confirmed by molecular techniques. The 5.8s-1TS2-28s rDNA gene was
amplified using the internal transcribed spacer primers: ITS1 and ITS4. The
PCR amplified region and the PCR products ranged from 670-740 bp.

Nucleotide comparisons of these fungi using the GenBank and NCBI
databases and the BLASTN 2.2.26 program indicated that DLO1-001 and
MTI2-001 were Arthrobotrys oligospora (91% and 90% homology,
respectively). Blast results identified JDI1-001 as Arthobotrys thaumasia with a
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maximum score (741 bits). MPI11-003 was identified as either Monacrosporium
thaumasium (601 bits) or Arthobotrys thaumasia (597 bits) at the similar
maximum identity. Five hundred and eighty nucleic acid query length of
MSO01-001 was significantly aligned (91%) and identified this fungus as
Arthrobotrys musiformis. API3-001 had highly similar sequences with
Arthrobotrys conoides. KJO1-003 and WJI1-003 had no significant similarity
with any genera or species based on molecular data (Table 2).

Table 2. The blast results of rDNA ITS sequences from nematophagous fungi
and their closely

Eg(;eq_)ple Irgssu Itz/Blast mz)éi:::y /Identityg Gap? Qccession# Reference?

el T

wTizooy ATIIOROMS g SEOSL L ogueey arar,

(Unpublished)

Rl

pron FU S e S

MPI1-003 'r\fl?r?]acréspo 601 ?86;‘4‘:’)35 gi’/f)‘r’ FJ380934 ét(’)%g) et al
thaumasium _

i Rl U R
w003 Mo : i i . ]
KIo1-008 Mot : ! i ] i

Related sequences in GenBank during June 2012
Y1solated from agricultural soil, Thailand

ZReferenced program by Zhang et al. (2000)

¥ Reported first sequences producing significant alignment

Phylogenetic analysis

In this study, ITS sequences of selected fungal isolates were compared
with those of 36 published nematophagous fungi; Arthrobotrys spp.,
Monacrosporium spp. and Duddingtonia sp. retrieved from GenBank.
Neurospora pannonica and Sordaria fimicola were used as the out group.

Multiple sequence alignment was used to infer the maximum likelihood
tree. Of the remaining 821 included characters. 244 characters were constant
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and 203 variable characters were parsimony-uninformative so the number of
parsimony-informative included characters was 374. Nucleotide sequences
based on the rDNA ITS region indicated a relationship between genotypes of
some fungal isolates. Most of the selected nematophagous fungi were
harmoniously clustered as blast groups. The phylogenetic relationships of
Orbiliaceae which include Arthrobotrys oligospora (DLO1-001 and MTI2-
001), A. conoides (API3-001) and A. musiformis (MSO1-001) were well
defined. While the phylogenetic relationships of JDI11-001 and MPI11-003 were
not clear, they had 99% BSV and nearby groups with A. thaumasia,
Monacrosporium thaumasium, M. microscaphoides, A. multisecun and M.
eudermatum as shown in Figure 4.

JDI1-001
MPI1-003
EU977538 A. thaumasia
EF059816 M microscaphoides
EF059815 A. multisecun
U51972 M. thaumasium
US51975 M. eudermatum
AY773445 A. sinensis
AB114475 M. megalosporum
EU977529 A. thaumasia
EU977535 A. thaumasia
100 U51945 A. cladodes
U51952 A. cladodes

89 HOS595346 4. vermicola
7 GQ121416 A. vermicola
77 AY773454 A. vermicola
EU977508 A. vermicola

94 MSO01-001
US51948 A. musiformis
9 EU977517 A. musiformis

FI380938 A. musiformis
100 | GU171370 4. scaphoides
[ GU171371 A. scaphoides

—: AYTT3459 A. janus
EU977541 A. janus
100) AY095103 D. flagrans
| AF106520 A. flagrans

67 100, FI380931A4. amerospora
EF 192178 A. amerospora

9 API3-001
_ﬁl9 1309 A. conoides
99" AY773455 A. conoides

100 DLO1-001
MTI2-001

98 FI557237 A. oligospora
4 93 EU977558 A. superba
8

96 EU977526 A. oligospora
FI380939 A. oligospora
9 AMA12778 A. oligospora
ML U51947 A. javanica
FI380932 A. javanica
AY965759 M. ellipsosporum

GQ922532 N. pannonica
DQS518178 8. fimicola

— 10changes
Fig. 4. One of 6 equally most parsimonious trees inferred from a heuristic search of the 1TS1-
5.8s5-1TS2 rDNA sequences alignment of 44 isolates of Arthrobotrys and related genera. The
size of the branches is indicated with a scale bar. Length=1,525, CI=0.609 and RI=0.723
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Discussion

Eight isolates in three genera of competent nematophagous fungi which
were collected from soil in root-knot nematode-infested areas and areas rich in
organic matter from Thailand including Arthrobotrys sp., Monacrosporium sp.,
and Paecilomyces sp. Their taxonomic classification and infection structures
were similar taxonomically and morphologically (infection structures) to those
reported by Nordbring-Hertz et al. (2006), Gray (2002) and Jersys et al.
(2009). In in vitro predation experiments, some isolates of the collected fungi
which are nematode trapping species, endoparasites and egg parasites had low
capacities to damage either second stage juveniles (J2) or eggs of root-knot
nematodes. The parasitic ability of nematophagous fungi maybe related to a
broad range of factors including the level of their saprophytic or absolute
parasitic ability (Nordbring-Hertz et al., 2006) pH, moisture, organic matter,
host suitability (Gray, 2002) nutrient levels, physical habitats, competitive
conditions and compounds secreted by the host nematode along with the
interactions in biochemical, physiological or morphological responses (Mariam,
2008). Morphological classification of the nematophagous fungi described in
this research was based on such characteristics as colony diameter, culture
appearance (texture, surface and reverse colouration, zonation) and colony
growth rate. It is understood that the specific colony characteristics of each
fungus may be different depending on a type of culture medium used as Sharma
and Pandey (2010) reported Morphological identification and nucleotide
comparisons at the 5.8s-1TS2-28s rDNA gene using ITS1 and ITS4 primers
were in agreement for four fungal isolates of genus Arthobotrys. Blast results
identified JDI1-001 as Arthobotrys thaumasia; nevertheless, conidiophore
patterns and conidia classified JDI1-001 and MPI1-003 as Monacrosporium
thaumasium. However, Index Fungorum (2012) reported that M. thaumasium
and A. thaumasia (Drechsler) S. Schenck, W.B. Kendr. & Pramer, were
actually synonymous Can. J. Bot. 55(8): 984 (1977). WJI1-003 and KJO1-003
were morphologically categorized as Paecilomyces lilacinus and Pochonia
chlamydosporia, but could not be classified molecularly based on nucleotide
blast format. This result may be based on the unsuitability of the sequence
region and primer selection, and/or the PCR protocols used following the
research of Peter and Myrian (2006) and Ciancio et al. (2005). The genera
Paecilomyces and Pochonia include a few species that damage nematodes and
they had distinct colony characteristics on most growing media so molecular
identification may not be necessary.
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The soil application of nematophagous fungi represents a potentially useful component for the
sustainable management of plant parasitic nematodes. Little is currently known about the effect
of agrochemicals on these fungi. Fourteen commonly used agricultural pesticides (insecticides,
fungicides and herbicides) were incorporated into Potato Dextrose Agar at 1/3x, 1/2x, 1x and
2x the recommended rate to determine their in vitro effect on eight isolates of nematophagous
fungi; Arthrobotrys oligospora (DLO1-001), Arthrobotrys oligospora (MTI2-001),
Arthrobotrys conoides (API3-001), Arthrobotrys thaumasium (JDI1-001), Arthrobotrys
thaumasium (MPI11-003), Arthrobotrys musiformis (MSO1-001), Pochonia sp. (KJO1-003) and
Paecilomyces sp. (WJI1-003). The isolates were indigenous to Thailand and were parasitic to
root-knot nematodes. All insecticides at all rates affected the development of all fungi to some
extent. The insecticides dazomet, carbaryl and chlorpyrifos, the fungicides metalaxyl mixed
with mancozeb, fosetyl aluminium and quintozene mixed with etridiazole, and the herbicides
paraquat dichloride and oxyfluorfen caused high mycelial growth and sporulation inhibition.
The insecticides lambda-cyhalothrin, dinitrotefuran and methomyl, the fungicides toclofos
methyl and propamocarb hydrochloride and the herbicide glyphosate-isopropylammonium were
less inhibitory to the fungi examined. Paecilomyces sp. and Pochonia sp. appeared to be less
sensitive to the pesticides tested than Arthrobotrys species.

Key words: nematophagous fungi, biological control, root-knot nematodes, Meloidogyne
incognita, pesticides, pesticide sensitivity, abiotic factors

Introduction

Nematophagous or trapping fungi are microfungi that can capture, Kkill
and digest nematodes (Nordbring-Hertz et al.,, 2006). They represent a

* Corresponding author: To—anun, C.; e-mail: chaiwat.toanun@gmail.com
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potentially effective alternative to chemical nematicides for sustainable farming
systems (Martin, 2003). Abiotic factors are non-living chemical or physical
factor in the environment and ecology. They are known as “density independent
factors” (Biology online, 2008b). The capacity of a soil ecosystem to prevent or
reduce the spread of a pathogen, parasite, or other deleterious agent in soils is
called antagonistic potential. It includes disease suppressiveness, fungistasis,
antiphytopathogenic potential and biological buffering. In addition,
management of antagonists in the soil requires an understanding not only of the
intricate interrelationships between host-parasite and parasite-antagonist, but
also of the interactions among these relationships, crop production practices
and abiotic factors (Richard, 1992). The interaction of rhizosphere
microorganisms and their physiological factors influence fungal growth and
sporulation. Each organism generally reacts in different ways related to their
survival and establishment characteristics.

Conventional agricultural pesticides may have long-term toxicity that can
affect beneficial soil microorganisms including nematophagous fungi especially
their growth and sporulation.  Even though research on utility of
nematophagous fungi as biological control agents has occurred worldwide for
decades, data on the potential negative effects of agricultural pesticides on these
fungi is extremely rare. Jacobs et al. (2003) found that two other fungicides,
fenpiclonil and tolclofos methyl, slowed or partially inhibited the growth of
Paecilomyces lilacinus, Plectosphaerella cucumerina and Pochonia
chlamydosporia, in vitro. Kerry et al. (2009) reported P. chlamydosporia and P.
lilacinus showed different levels of sensitivity to  fungicides;
mancozeb+propamocarb hydrochloride, imazail+pencycuron and azoxystrobin
but were tolerant to herbicides (bentazone, pendimethalin and metribuzin). P.
chlamydosporia was more tolerant to high concentrations of fungicides than P.
lilacinus in liquid culture.

Root-knot nematodes (Meloidogyne spp.) severely affect plant root
systems through gall formation that can lead to stunting, wilting and/or
yellowing. It is the most economically important nematode pests in the Pacific
(Plant Protection, 2005). Nematophagous fungi may provide an important
component in a sustainable approach to manage these important soil-borne
pathogens. The objective of this study was to examine the in vitro effect of
agricultural pesticides (insecticides, fungicides and herbicides) commonly used
in vegetable production in Thailand on the growth and sporulation of
indigenous nematophagous fungi parasitic to root-knot nematodes.
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Materials and methods

The in vitro morphological sensitivity of eight nematophagous fungi
recovered from Thailand including Arthrobotrys oligospora DLO1-001 and
isolate MTI2-001, Arthrobotrys conoides isolate API3-001, Arthrobotrys
thaumasium isolate JDI1-001 and isolate MP11-003, Arthrobotrys musiformis
isolate MSO1-001, Pochonia sp. isolate KJO1-003 and Paecilomyces sp. isolate
WJI1-003 were assessed on 14 different pesticides. These pesticides with
their trade names and recommended rates included (1) six insecticides, dazomet
(Basamid-G 98 % GR®, 2,450 ppm a.i.), dinotefuran (Starkle-G 1% GR®, 40
ppm a.i.), lambda-cyhalothrin (Karate 2.5 % W/V CS® 625 ppm a.i),
methomyl (Lannate 40 % SP®, 700 ppm a.i.), carbaryl (Sevin 85 % WP®, 2,975
ppm a.i.) and chlorpyrifos (Lorshan 40 % W/V EC®, 1,500 ppm a.i.) (2) five
fungicides, quintozene mixed with etridiazole (Terraclor Super X 30% W/V
EC®, 900 ppm a.i.), fosetyl aluminium (Aliette 80 WG®, 8,000 ppm a.i.),
metalaxyl-M mixed with mancozeb, (Ridomil Gold MZ 65 WG®, 1,700 ppm
a.i.), toclofos methyl (Rizolex 50 % WP®, 1000 ppm a.i.) and propamocarb
hydrochloride (Previcur - N 72.2 % W/V SL®, 722 ppm a.i.) and 3) three
herbicides, paraquat dichloride (paraquat 27.6 % W/V SL®, 1,725 ppm a.i.),
glyphosate-isopropylammonium (Glyphosate 48 % W/V SL®, 3000 ppm a.i.)
and oxyfluorfen (Goal 2 E 23.5 % W/V EC®, 587.5 ppm a.i.). Each pesticide
was tested at 1/3x, 1/2x, 1x and 2x the recommended rate. A stock solution of
each chemical was prepared in sterilized distilled water and appropriate
quantities were added under aseptic conditions into 250 ml flasks, containing
PDA, to achieve the required final concentrations. The amended media were
poured into 9-cm-diameter sterilized Petri dishes, under aseptic conditions and
allowed to cool. Petri dishes containing non-amended medium served as the
control. A fungal culture agar plug (5-mm-diameter) from the colony edge of
each fungal isolate was placed in the middle of the Petri dishes. Four Petri
dishes of each isolate of each treatment were used as replicates. The inoculated
Petri dishes were incubated at room temperature (27+3°C). Diameters of the
resulting colonies were measured at 3, 5, 7 and 10 days. The percentage fungal
growth inhibition was calculated and analyzed for statistical comparison. To
determine sporulation, five colonized fungal agar plugs (0.4-cm-diameter) were
removed from each plate after 10 days incubation and the sporulation
assessment methods of Liu & Chen (2002) were followed. Values of
sporulation were transformed to log (base 10) to improve homogeneity of
variance before being subjected to analysis of variance (ANOVA). Original
values of colony diameter were used in variance (ANOVA) “Factorial in
Completely Randomized Design”. Duncan's New Multiple Range Test
(DMRT) Test was used for comparison of means of each treatment.
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Results

Insecticide, rate, fungal isolate and their interactions significantly
(P<0.01) affected fungal growth and reproduction. All insecticides at all rates
affected the development of all fungi. All rates of dazomet , carbaryl and
chlorpyrifos caused high mycelial growth inhibition (Fig. 1). Growth of most
fungi except Paecilomyces sp. isolate WJII-003 was inhibited 100% by
dazomet at all rates; however, Paecilomyces sp. isolate WJI1-003, A.
thaumasium isolate JDI1-001 and A. musiformis isolate MSO1-001 were
completely inhibited by dinotefuran treatment after 5 days (data not shown). At
10 days after inoculation, all rates of carbaryl caused 60-100% inhibition of all
fungal isolates especially A. conoides isolate API3-001. Lambda-cyhalothrin
and methomyl had a lower effect on growth of all isolates with the exception of
A. thaumasium isolate MPI11-003 which was highly sensitive to all rates of
methomyl.

Sporulation of most fungi was correlated with growth; non production of
conidia was detected in many cases such as with all fungi at all rates of
dazomet, five fungal isolates except A. conoides isolate API3-001,
Paecilomyces sp. isolate WJI1-003 and Pochonia sp. isolate KJO1-003 at all
rates of dinotefuran, all fungal isolates except Pochonia sp. isolate KJO1-003 at
all rates of carbaryl and chlorpyrifos (data not shown). On the other hand, the
half-strength (1/2x) and one-third strength (1/3x) recommended rate for
lambda-cyhalothrin induced Paecilomyces sp. (WJI1-003) to produce higher
number of conidia than the non-treated control.
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Fig. 1. Effect of various insecticides on growth of nematophagous fungi on Potato Dextrose
Agar at 10 days after inoculation. Graph based on the pooled effect of 4 levels (1/3x, 1/2x, 1x,
2x) of the recommended insecticide rate on eight isolates of nematophagous fungi (P<0.01).
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The analysis of variance using factorial indicated significant effects and
interaction of fungal growth inhibition which affected growth and sporulation.
These sources were fungicide, usage rate, fungal isolate and all of their
interactions.

Metalaxyl mixed with mancozeb caused almost complete inhibition of
fungal mycelial growth at all tested concentrations in comparison to the non-
treated control (Fig. 2). All rates of fosetyl aluminium caused 100% inhibition
at all rates of all fungal isolates except Paecilomyces sp. (WJI1-003) and
Pochonia sp. (KJO1-003). Quintozene mixed with etridiazole (900 ppm a.i.)
caused 100% inhibition of most fungi at the double and recommended rates.
Only isolate A. musiformis (MSO1-001) was significantly inhibited by toclofos
methyl; its mycelial growth was inhibited by 65-89% by all rates of the
fungicide. Propamocarb hydrochloride had the least effect on the
nematophagous fungi; all isolates except A. conoides (API11-001) showed little
or no sensitivity to the fungicide at 10 days after inoculation. All fungicides at
all concentrations affected sporulation by causing partial or complete inhibition
and closely paralleled growth inhibition results. Metalaxyl mixed with
mancozeb caused non-sporulation of all fungi at all rates as did fosetyl
aluminium except for Paecilomyces sp. (WJI1-003) (data not shown). Five
fungal, A. oligospora isolate DLO1-001 and isolate MTI2-001, A. conoides
(API3-001), A. thaumasium isolate JDI1-001 and isolate MPI1-003 did not
produce conidia at all rates of quintozene mixed with etridiazole. Propamocarb
hydrochloride and toclofos methyl generally decreased sporulation to a lesser
extent than the other fungicides.
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Fig. 2. Effect of various fungicides on growth of nematophagous fungi on Potato Dextrose
Agar at 10 days after inoculation. Graph based on the pooled effect of 4 levels (1/3x, 1/2x, 1x,
2x) of the recommended fungicide rate on eight isolates of nematophagous fungi. (P<0.01).
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Herbicide, usage rate, fungal isolate and all their interactions significantly
(P<0.01) affected the growth and sporulation at a high probability. Radial
mycelia of A. oligospora isolate DLO1-001 and isolate MTI2-001, A. conoides
isolate API3-001, A. musiformis isolate MSO1-001, A. thaumasium isolate
JDI1-001 and isolate MPI1-003 had the highest sensitivity to paraquat
dichloride (Fig. 3). Their mycelia were inhibited by 100% at the double and
recommended rate. Oxyfluorfen exerted the second strongest growth inhibition
effect among herbicides involving reduction of mycelial growth. Only the
double rate of glyphosate-isopropyl ammonium caused extensive mycelial
growth reduction of Arthrobotrys spp. Fungal isolates of Paecilomyces sp. and
Pochonia sp. were generally less sensitive to all rates of the three herbicides
than the Arthrobotrys spp. tested. Non-sporulation of fungi was detected with
at least 90% of all treatments except for Pochonia sp. isolate KJO1-003, which
only showed a decrease of conidial production. In general, all herbicides
caused abnormal mycelial morphology that was directly related to their
concentration (Fig. 4).

Error Bar Chart with SD

110 -|
100
w
-] J—

%0
3
2 md
g
.
60

Growth inhibition of herbicdes (%6)
&

\
——

paraquat dichloride oxyfluorfen
Herbicides

Fig. 3. Effect of various herbicides on growth inhibition of nematophagous fungion Potato
Dextrose Agar at 10 days after inoculation. Graph based on the pooled effect of 4 levels (1/3x,
1/2x, 1x, 2x) of the recommended herbicide rate on eight isolates of nematophagous fungi
(P<0.01).
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Fig. 4. Sampling of colony characterizations of three nematophagous fungi comparing effect
from herbicides on PDA after 10 days incubation. A) Arthrobotrys oligospora isolate DLO1-
001 B) Arthrobotrys thaumasium isolate JDI1-001 C) Arthrobotrys thaumasium isolate MPI1-
003 and D) Location of tested Petri dish, Gly= glyphosate-isopropylammonium, Par= paraquat
dichloride, Oxy= oxyfluorfen, 2x= Double rate, 1x= Recommended rate, 1/2x= Half of
recommended rate and 1/3x= One-third of recommended rate.

Discussion

In worldwide agriculture, chemical products may detrimentally affect
biocontrol agents. Most pesticides including fungicides, insecticides and
herbicides affect growth and development causing abnormalities of many non-
target organisms (Wikipedia, 2012i). Goltapeh et al. (2008) determined that the
fungicides formalin, benomyl, thiophanate methyl and carbendazim and
insecticides diflubenzuron and malathion caused 28-100% inhibition of radial
myecelial growth of Arthrobotrys oligospora in Petri dishes to varying degrees.
This research showed that isolates of nematophagous fungi from Thailand also
varied with respect to their response to different agrochemicals.

Priority of effect was observed in fungicide phenylamide (metalaxyl
mixed with mancozeb) followed by ethyl phosphonate (fosetyl aluminium), but
a wide range of pesticide classes including a dithiocarbamate (dazomet),
carbamate (carbaryl) organophosphate (chlorpyrifos), aromatic hydrocarbon
mixed with thiadiazole (quintozene mixed with etridiazole), bipyridylium
(paraquat dichloride) and diphenyl ether (oxyfluorfen) were moderately to
highly inhibitory of the growth and sporulation of most fungi tested.
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On the other hand, low inhibition by pesticides was often observed in
Paecilomyces sp. (WJI1-003) and Pochonia sp. (KJO1-003) in comparison with
the Arthrobotrys species examined. This finding is similarly to the result of
Jacobs et al. (2003), who also observed only weak growth inhibition of these
fungi by toclofos methyl. Both fungi rapidly produce numerous small conidia
and also have thick, velvety and cottony colonies, respectively, which may act
to lessen pesticide inhibition compared to Arthobotrys spp. which has a fuzzy
or powdery texture. However, no reports indicate that Paecilomyces sp. or
Pochonia sp. release enzymes or metabolites that inactivate toxicants.

Our research results indicate that application of nematophagous fungi as
biological agents against root-knot nematodes in plantations using chemicals
should be timed with respect to conventional chemical application to avoid
inactivation of biological agents concordantly to the conclusion of Kim &
Riggs (1998). Furthermore, increasing the amount of bio-agent formulations, by
adding a sporulation promoter and/or deploying an inundative approach
through frequent bio-control reapplications may help to reduce the effect of
agrochemical usage. Other strategies to help ensure the effectiveness of
nematophagous fungi as components of an integrated approach to root knot
nematode control could also include the use of pesticides which are less
inhibitory, reduction of the pesticide rate if feasible and selection of fungal bio-
agent isolates that are the least pesticide-sensitive.
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